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Abstract 
Compared to traditional steel, polymer-based composite materials offer many advantages (weight, resistance, aging, etc.) for structural 
applications in shipbuilding, railway transportation network, aeronautics or building. Despite their quality and unlike other materials such 
as steel and aluminium, composite materials commonly used in structural applications are reactive. They decompose and release heat and 
smoke when they are exposed to high fire temperature. The reactivity of composite materials affects their mechanical behaviours. For this 
reason, the fire resistance is one of the most significant factors limiting the use of composites when it comes to structural applications. 
In this context, a French collaborative research project, FLACOMARE “Fire resistance of composite materials” supported by the 
Regional Council of Ile-France, studies the fire behaviour (e.g. the fire reaction and the fire resistance) of composite materials used in 
transportation. The aim of the Flacomare project consists in developing a methodology to assess the thermo-mechanical behaviour of 
composite structures in case of fire. Modelling the fire resistance of a composite structure implies capabilities in modelling fire testing 
(reaction and resistance), thermal behaviour, and structural behaviour at elevated/high temperature. To achieve this, a method based on a 
combined test-simulation approach, with increasing scale and complexity, was used. The experimental analysis of the product fire 
behaviour (reaction and resistance) was carried out from matter scale, up to large scale, through five successive scale levels. The 
experimental characterisation of thermal transport, thermo-mechanical and chemical properties as well as the fire test were performed 
using standard test benches and metrological reference benches. Meanwhile, advanced numerical simulation tools were used to simulate 
the reaction to fire with a coupled pyrolysis / computational fluid dynamics model and the fire resistance by a thermo-structural code. The 
methodology is performed to guarantee that the behaviour of material samples, that is similar to that of the finite product, is well 
reproduced. Therefore, the great challenge is to investigate/find a way to simulate the fire behaviour of large-scale fire tests. 
The poster focuses on the fire safety engineering methodology, applied in FLACOMARE to predict the fire behaviour of a composite 
structure. The first part describes the coupling/association between the coupled pyrolysis / computational fluid dynamics model and the 
structural code. Then in a second part, the first results obtained experimentally and numerically are described and illustrated. The analysis 
is performed on a sandwich composite material. 
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Abstract 
The influence of Aluminum Trihydrate (ATH) and Ammonium Polyphosphate (APP) on the LOI (Limited Oxygen Index) performance, 
UL-94 performance and smoke density of unsaturated polyester (UP) resin was investigated. It was found that all three FR properties 
improved with the increase of ATH loading till 110 phr. However, the influence of APP became not obvious? when the loading amount of 
it was more than 20 phr. More than 20 phr of APP had no further contribution to the FR properties of UP resin. The influence of ATH and 
APP loading on the physical properties of liquid unsaturated polyester resin was also studied so as to know the process-ability of 
unsaturated polyesters with different loading of ATH or APP. It was found that, the more ATH or APP, the more viscous, the longer the 
gel time and curing time and the lower the peak exotherm. For the cured resins both flexural strength and modulus displayed an increase 
followed by a drop down when ATH loading increased from 20 phr to 110 phr. However, the flextural strain showed a drop-down 
followed by an increase when increasing ATH loading. Flexural strength and strain decreased with increase of APP loading from 5 phr to 
30 phr. Flexural modulus varied oppositely. It was shown that these studies can not only contribute to the formulation design of fire-
retardant UP materials but also facilitate the process design of the fiber reinforced UP composites. 
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Effect of fire on compressive strength of early cured mortars with 
Ground Granulated Blast Furnace Slag (GGBFS) 
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Abstract 
This study investigated the effect of high temperature on early cured mortar with Ground Granulated Blast Furnace Slag (GGBFS). The 
mortar (W/B=0.4, 0.5) was cured in air for 3, 7, 14, 28, 56 days, and then exposed to high temperatures (300 °C, 450 °C, 600 °C, 850 °C, 
Standard Temperature Curve (STC)). The TGA tests were conducted to understand the material properties of the cement mortars with 
different W/B ratios and curing ages. After exposed to the high temperatures, residual compressive strength tests (RCS) and ultrasonic 
pulse velocity tests (UPV) were conducted on the next day, 35th day after casting, and 21-day recurring. The results revealed that the 
UPV decreased for all specimens after exposed to high temperature, and the reduction was more significant for specimens with higher 
temperature. Internal structural damage caused by the high temperature lowered their densities. In addition, the RCS of mortars with 
W/B=0.4 significantly decreased after the mortars exposed to 300 °C, while the RCS did not change much with the temperatures of 
450 °C and 600 °C. Between the temperatures of 300 and 450 °C, C-S-H gel generated and enhanced the RSC. The RCS decreased 
significantly after the mortars exposed to 850 °C. Furthermore, an increase in RCS at 450 °C was found for the specimens of W/B=0.5. 
The increase may be caused by enhanced hydration reaction between unhydrated cement and crystal water due to heating. Additionally, 
insignificant recovery of the UPV and RCS after post-fire-curing existed. Moisture supply with air-curing to continue and expedite the 
rehydration reactions was not effective. 
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Abstract 
Polyethylene is one of the most common materials in the modern world. Ultrahigh molecular weight polyethylene is one of them 
(UHMWPE, MW~6u106). All polyolefins including UHMWPE, are known to be combustible materials. Therefore, reducing the 
flammability of UHMWPE is an important objective. Currently phosphorus-containing compounds (PCC) are used as flame retardants for 
polyolefins. Earlier [1] the influence of triphenylphosphate (TPP, (C6H5O)3PO) as a flame retardant on the thermal decomposition and the 
flame structure of UHMWPE was investigated. However recently, the carbon nanoparticles were found to be a prospective competitor of 
PCC.  In the present work graphite nanoplatelets (GNP) were used as a flame retardant.  The purpose of this paper is to compare the effect 
of PCC and GNP on the thermal decomposition and flammability of UHMWPE. The objects of the study were an extruded 
UHMWPE/GNP mixture with the addition of 2.7 and 7.8% of GNP. The rate constants of the decomposition reaction of UHMWPE with 
GNP additives were obtained by DMSTA and TGA. The dependences of the oxygen index (LOI) and the ignition time on the loading of 
GNP additive were obtained by UL 94. Temperature profiles of flames of UHMWPE and UHMWPE/GNP were measured.  The 
compositions of the combustion and thermal decomposition products were determined by GC/MS.   The flame structure of extruded 
sample UHMWPE/GNP was investigated. The effects of PCC and GNP on the thermal decomposition and combustion of UHMWPE 
were compared. 
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Predicting the post-flashover temperature in a compartment fire using 
adiabatic gas temperature 
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, Wei-Ting Chung 
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Abstract 
The temperature in a compartment fire is crucial for fire risk assessment because it affects the growth of a compartment fire, the structural 
behavior of construction elements, etc. A previous model for predicting the temperature, both before and after flashover, using adiabatic 
gas temperatures has been developed. However, this model has only been verified by experimental data before flashover. Additionally, 
this model for predicting the temperature after flashover uses a correlation of heat release rate (HRR) at flashover; this correlation has not 
been verified adequately. Moreover, this correlation expresses the HRR at flashover not after flashover, and may not represent the HRR in 
the entire post-flashover period. This study conducted experiments to verify this model, particularly in the post-flashover period, in an 
enclosure whose dimension is one third of an ISO 9705 chamber. The opening of the enclosure was 0.8 m high, and with different widths 
of 0.1, 0.2 or 0.3 m for considering the ventilation-controlled fire behavior after flashover. Fuels used were gasoline and iso-propanol. 
Firstly, this study compared the measured and calculated HRR at flashover. Experimental data showed that the measured HRRs were 
much lower than the calculated ones. Using the calculated HRRs in this model was not feasible. Finally, this study provided an alternative 
expression of the HRR after flashover based on the measured HRR to replace the calculated HRR. Experimental results showed that this 
model using the alternative expression can better predict the temperature after flashover. 
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Simulation of the effect of ventilation rate and platform’s ceiling height 
on visibility in a typical underground metro station’s fire 
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Abstract 
In case of a building fire, visibility is a major aspect to ensure that all the occupant can evacuate safely. This is also a critical issue during 
the design stage of a typical underground metro or mass rapid transit (MRT) station that may be filled by thousands of passengers during 
peak hour. Smoke management by passive approaches (by controlling platform’s ceiling height and by applying a drop wall near the stairs) 
or active system using smoke exhaust fan system has been considered in many design cases. This work simulates the effect of platform’s 
ceiling height and studies the role of active ventilation on the visibility during an emergency situation of a platform level fire. The 
simulation was carried out using the NIST – Fire Dynamic Simulator (FDS) code. This work predicts smoke spread and the capability of 
mechanical ventilation to extract smoke and toxic gases due to fire. In this study, performance of ventilation rates (5000 to 7000 m3/h) 
toward extraction of the smoke based on visibility for various locations are compared according to platform’s ceiling height (3 m and 4 m). 
The effectiveness of passive and active system in controlling the platform’s visibility was studied using a 5 MW fire.  
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Fire strategy for Shanghai Expo 2010 UK Pavilion 
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Abstract 
The architectural design of the Pavilion comprising several decades of thousands of acrylic spikes imposed a great challenge for both 
structural and fire engineers. As a result, bespoke fire engineered solutions have been developed for the Pavilion to provide the required 
fire protection to life safety and property protection. Single direction travel distance of the Pavilion has been considered adequate for the 
occupants in the event of emergency. Evacuation analysis and modelling proved that the evacuation time was approximately 2 minutes 
based on the worst-case scenario of using a half width of the Pavilion exit (1.7m). A bespoke high pressure water mist fire suppression 
system, incorporating a fire detection system, was installed in both the external and internal of the Pavilion, and the accommodation areas 
in the Undercroft to provide the required level of fire protection to life safety and property protection. Management procedure with 
automatic control system was an important element to activate the water mist system in order to achieve the requirement of the fire 
strategy. In this project, 3 series of small-scale fire tests have been carried to study the fire characteristics of the acrylic spikes and 1 full-
scale fire test for the effectiveness of the water mist system for the external fire situation. The obtained fire data proved that fire 
development of the acrylic spikes by an external heat source using a cigarette lighter is reasonably slow. The series of full-scale fire tests 
also confirm that the high pressure water mist system can effectively control and extinguish a well-developed acrylic fire within a 
reasonable period of time. 
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